ABSTRACT: Small fish associated with drift algae, and in open water adjacent to algae, were sampled off the northeastern coast of New Zealand (1981Zealand ( to 1984. Estimates of the abundance of drift algae and rates of colonisation of fish to drift algae were also obtained. A number of species of fish were more abundant around drift algae than in open water (e.g. representatives of Monacanthidae, Ampidae, Emmelichthyidae, Syngnathidae, Clinidae, Tripterygiidae). Although some fish associated with algae were preflexion forms, most were postflexion or juvenile forms. Relationships between weight of drift algae and numbers of fish varied among times. Some small fish were abundant in surface waters and showed no association with drift algae (e.g. representatives of Tripterygiidae, Clupeidae, Engraulldidae, Pleuronectidae, Bothidae). Abundance of total drift algae at nearshore and offshore stations over a period of 2.5 yr was highly variable. Seasonal peaks in abundance of Sargassum sjnclaini were found from November to January and appeared to relate to the demography of this species. Most clumps of drift algae were < 100 g. A detailed examlnatlon of the abundance of algae nearshore showed that the input of drift algae to reef environments is extremely variable among times and may relate to detachment of algae from reefs and conditions that facilitate onshore movements of drift from coastal waters. Fish were quickly attracted to algae left to drift in coastal waters for under 8 h. Colonisation relationships and developmental forms of fish attracted to algae varied among species. Drifting algae is periodically abundant in coastal waters and has an important influence on the dstribution, and potentially the movements, of some presettlement fish.
INTRODUCTION
A focus on structure in the pelagic environment can provide important information on the distribution, movements and survivorship of ichthyoplankton. Structure can exist in abiotic or biotic forms. The distribution of small fish may be influenced by hydrological processes (e.g. Legendre & Demers 1984 , Kingsford 1990 , passively drifting objects such as flotsam (Gooding & Magnuson 1967 , Hunter & Mitchell 1967 , drift algae (Mitchell & Hunter 1970 , Dooley 1972 , Lenanton et al. 1982 , Safran & Omori 1990 ) and slow-moving animals, e.g. gelatinous zooplankton (Mansueti 1963 , Janssen & Harbison 1981 . Drift algae may be found in sufficient quantities to be of importance in affecting the distribution of small fish, both nearshore and offshore, especially in temperate regions (Kingsford in press) . Kingsford & Choat (1985) demonstrated that the association of small fish with drift algae was the result of colonisation from open water rather than immigra-tion from coastal reefs. The study was limited, however, to one time of year (December-January). The purpose of my study was to build on this initial work by examining temporal and spatial abundance patterns of small fish in open water and associated with drift algae, as well as the distribution patterns of algae. Concurrent sampling of drift algae and open water at different hmes of the year enabled an assessment of the influence that drift algae has on different types on fish. Small fish around drift algae are often well-pigmented pelagic juveniles (Hunter & Mitchell 1967) . It was important, therefore, that the sizes of fish in open water were compared with those around algae.
Although associations between fish, flotsam, drift algae and gelatinous zooplankton have been documented, there is a paucity of information on the abundance of these structures in the pelagic environment. The abundance of drift algae may vary seasonally, as has been found in estuaries (Benz et al. 1979) and surf beaches (Lenanton et al. 1982) . In open coastal systems some algal species are deciduous (e.g. Sargassum spp.), shedding most of the thallus from rocky reefs seasonally (Prince & O'Neal 1979 , Schiel 1985 . Hence the importance of drift algae in influencing the distribution of fish at different times of year may vary in relation to the demography of the plants themselves and the occurrence of storms that detach plants.
Spatial patterns in the distribution of drift algae are also important. The distance that algae are found from shore may determine the types of fish that colonise it, and the changing distribution patterns of the algae may reflect those of the fish. Furthermore, for small fish of species found as adults nearshore, drift algae might have an influence on recruitment patterns where algae move onshore (Kingsford & Milicich 1987) .
Fish are quickly attracted to floating objects (Hunter & Mitchell 1968 , Kingsford & Choat 1985 . Information on colonisation rates and sizes of fish would be useful for interpreting the effect drift algae has on the distribution of fish, as it drifts through an area.
The specific questions posed in this study were: How do the abundances and species composition of fish associated with drift algae vary seasonally? Does the abundance of drift algae vary seasonally at different distances from shore, and over short time periods among localities nearshore? How quickly are tish attracted to drift algae from open water?
MATERIAL AND METHODS
Seasonal patterns of small fish associated with drift algae. Samples around drift algae and in open water were compared over a period of 18 mo, and at different distances from shore. This allowed a n assessment of the influence that drift algae had on the distribution patterns of small fish in surface waters. Seasonal trends and abundances of fish at different distances from shore were also described.
The influence that drift algae had on the distributions of small fish was assessed using the methods of Kingsford & Choat (1985) . Seines around drift algae were compared with 3 types of sampling procedures In open water. These were: (1) open water seines; (2) seines plus 1 kg of soaked algae -all animals were removed by soaking algae in freshwater for 12 to 24 h; (3) 5 min ichthyoplankton hauls with a 0.28 mm mesh net. Approximately 100 to 300 m3 of seawater was sampled with conventional surface ichthyoplankton tows. Towing speeds varied between 70 and 80 cm s-', and the volume of water filtered was measured with a General Oceanics 2030 flowmeter. The cylinder cone net had 1:6 mouth area to open area of mesh. A 10 X 2 m plankton-mesh purse sei.ne net (0.28 mm mesh) was used to sample drift algae and open water (Kingsford & Choat 1985) ; volume of water sampled by the net was ca 16 m3. Seines plus 1 kg of soaked algae were used to address the question of whether organisms captured in where drift algae and fish were sampled; depth contours are given in meters. Drift algae were also sampled at Localities 1 to 7 within Stn A (see Table 3) seines around algae were so alarmed by our activity that they simply retreated to the nearest clump of drift algae. Soaked algae were reieased in open water and seined within 1 min. Seines were made around drift algae and compared with open water samples over an 18 mo period (December 1981 to May 1983 at 4 stations on a transect extending to 18 km offshore (Stns A to D, Fig. 1 ). Sampling was carried out within a 2 km zone of these station points, parallel to the shore; distances from shore were: Stn A, < 100 m; Stn B, 400 to 800 m; Stn C, 10 km; Stn D, 18 km. At each station drift algae were sampled when encountered. Three clumps of algae were seined and the results compared with the 3 types of samples taken in adjacent open water, each replicated 3 times. Additional seine samples were taken to investigate whether there was a correlation between the weight of an algal clump and the number of fish around it. Size frequency information (SL = standard length or notochord length in very small fish) was obtained on fish around algae and in open water, as it was possible that only a limited size range of a species was associated with drift algae. Terminology is according to Leis & Rennis (1983) and Kingsford & Choat (1985) .
Abundance of fish around drift algae were compared with the number of fish in open water samples, and counts were expressed as number per 100 g of algae.
This was done for 4 reasons. (1) Work by Kmgsford & Choat (1985) showed there was a positive correlation between the size of an algal clump and the number of fish associated with it. Seasonal trends could be mislnterpreted, therefore, if clumps of different sizes were seined at different times and fish abundances were not corrected for the size of algae. (2) The mean size of algal clumps weighed from 1981 to 1982 was 100 g. (3) Number of fish could be related to abundances of drift algae. (4) The expression of fish abundances as number per 100 g was more conservative than values uncorrected for weight of algae. To complement these data, relationships between the size of algal clumps and number of fish are given for different times of the year, as it was possible that this relationship would vary among times. This information was also used to describe the proportional representation of fish species around algae at different times of the year.
Abundance of algae. Seasonal patterns were examined at each of the 4 sampling stations. Clumps of drift algae were counted and their weight estimated on a number of occasions over a 2.5 yr period, from 1981 to 1984. The number of sampling times at each station were: Stn A, 30; Stn B, 24; Stn C, 27; Stn D, 16, Algae were counted within five 200 X 40 m floating transects. Floating transects were laid out on random bearings, by dropping 11 current-indicating drogues spaced at 20 m intervals in a straight line. Exact spacing was achieved by towing a 20 m rope behind the boat and dropping each consecutive drogue as the rope passed the previous one. The boat then travelled down one side of the transect and back up the other. A pilot study indicated that precise estimates of drift algae abundance could be obtained in this way (Kingsford 1986 ). Clumps of algae were counted and weighed with a spring balance. The weights of some clumps of algae were estimated visually when considerable experience had been gained. From October 1983 onward a different sampling procedure was adopted, as described in Kingsford & Choat (1986) . All results for seasonal patterns are expressed as units per 0.8 hectares. Counts were made at any time during the day. The possibility that time of day influenced abundance estimates (via tidal change or change in the wind direction) was investigated at Stn A in a pilot study. Although mean values varied among days, similar mean values were recorded within days (fingsford 1986). Data are only presented on weight of algae in transects, because similar patterns of abundance were found for number of clumps per unit area (Kingsford 1986) .
Abundances among localities were examined at 7 localities separated by 400 to 700 m within Stn A (Fig. 1 ) to see whether there was a differential accumulation of algae among localities. This was done on 8 occasions between 10 October 1983 and 11 April 1984. At each locality algae were sampled within three 2000 mZ transects.
Colonisation of experimental algae. Experiments were used to compare the rates at which fish were attracted to drift algae from open water, among times, fish species, and distance from shore. Experiments were also used to test for differences in the abundances of fish at different depths. In all experiments l kg clumps of Carpophyllum maschalocarpum, which had been cut from rocky reefs, were soaked in freshwater for 24 h. Kingsford & Choat (1985) showed that this process removed any fish and mobile invertebrates associated with the algae. Free-floating algae were then placed in the sea and left to drift for different times before they were seined. Algae were released at times between 08:45 and 09:15 h and the clumps were spaced ca 50 m apart. Drift tlmes were expressed as averages -those algae which drifted for longer than 45 min were recaptured within 30 min of the mean drift time. To describe the size at which fish colonise drift algae, the size-frequency distributions of fish on experimental algae were compared with the sizes of fish present around natural drift algae.
Expt 1 examined the colonisation of algae over time in January 1982 at Stn C. The drift times of algae (h:min) were: 0:01, 0:45, 3:15, 5:00, and 8:15, with 3 replicate clumps of algae for each time. All algae in surface waters were seined. Three free-floating clumps of algae were hung at 15 m for 6:30 to 7:15. The 15 m line was weighted and algae hung to the side on a lateral monofilament trace; a diver counted the fish and the results were compared with those from seines.
Expt 2 examined the colonisation of algae with time in December 1982 at Stn C. The drift times of algae (h:min) were: 0:01, 1:30, 4:50, 6:45. In Expt 1 the results for some species of fish gave standard errors of up to 100 O/O of the mean. In addition, there was a reasonable possibility that a few clumps of soaked algae would be lost. For these reasons the replication was increased from 3 to 5 clumps of algae for each time.
RESULTS

Seasonal patterns of small fish associated with drift algae and in open water
Gilloblennius spp, were found in greatest numbers around drift algae (Fig. 2 ) . With the exception of December 1981 at Stn B, this was true of all stations. Many of this group were captured in aggregations of varying sizes around clumps of drift algae, which explains the large standard errors shown in Fig. 2 . The occurrence of this species was strongly seasonal -low densities were captured in June, abundances peaked in November and few were captured in January. From September to December Gilloblennius spp. were often the most abundant fish around algae. Although the highest densities were found at Stn C, fish were abundant at all distances from shore. A broad size range of these fish was encountered around drift algae, from fish with fin-folds to those with adult fin-ray counts A number of species were captured in high numbers around drift algae that were rarely or never captured In any of the 3 sampling procedures from open water. Arripis trutta and Plagiogeneion rubiginosis were captured in large aggregations around drift algae in autumn and winter and largest aggregations were found at Stns C & D offshore (Tables 1 & 2) . Although Trachurus spp. were captured in open water (November to March) largest fish were caught around drift algae. When any of the above 3 species were captured, large differences in abundance were found among replicates. Other species captured around algae that were rare or absent in open water samples included. syngnathids, carangids, kyphosids, mugilids, clinids, and others. With the exception of some small Aldrichetta forsteri and Girella tricuspidata all of these fishes had adult fin-ray counts. Of interest were the large sizes of the syngnathids, and their association w t h algae at all times of the year. Many of the individuals were adults and so were not considered to be in the presettlement phase of their life history.
Relationships between the weight of a clump of drift algae and total numbers of fish are presented in Fig. 3 (for 5 out of 9 times). The relationship varied among times, and 5 out of the 9 correlations were significant and positive. These differences can be explained by the types of fish that associated with algae at different times of the year. The percentages of each type of fish Table 2 . Where correlations were not significant, fishes that aggregated into large groups around algae were abundant (e.g. Gilloblennius spp., Arripis trutta, Plagiogeneion rubiginosus, and Trachurus spp.). Where correlations were significant, secretive fish such as Parika scaber often predominated (Fig. Sa, d , Table 2 ). It should be noted that very small clumps of algae (< 50 g) often had fish associated with them (e.g. Fig. 3 ).
Seasonality in the proportional representation of fish around algae can be seen in Table 2 . From September to December Gilloblennius spp. was usually the most abundant taxon, while Parika scaber ranked first or second from November to January. Aldrichetta forsteri were also captured regularly over spring and summer. Cristiceps auranticus were caught in highest numbers in summer. From February to March Plagiogeneion rubiginosus and Trachurus spp. predominated. Arripis trutta and Upeneichthys lineatus were also caught at this time. In June A. trutta were most abundant. Although Forsterygion spp. were also captured around algae at this time, they were usually most abundant in open water.
Some species of fish were often captured in open water, but were rare around algae. The 4 most abundant groups that showed this pattern were Forsterygion spp., Sardinops neopilchardus, Engra ulis a ustralis and pleuronectlds (Rhombosolea spp. and Peltorhamphus latus). For brevity, data are only presented for Stn A (Fig. 4) ; similar results were found for Stns B to D. Although Forsterygion spp. and Gilloblennius spp. are in the same family, their affinity for algae differed . Most of the larger fish had adult fin-ray counts. Although late developmental forms predominated around drift algae a large number of preflexion larvae were also caught.
Seasonal patterns of drift algae abundance
Large quantities of drift algae were found at Stns A to D over a period of 30 mo, but abundances of algae found at any one station varied considerably among times (Fig. 5) . With the exception of a peak in June 1982, algae were most abundant from November to January at Stn A. Total abundances of algae were high in June after a strong north-easterly storm. There was considerable temporal variability in total abundance of algae at Stn B (Fig. 5) . No obvious seasonal trends could be distinguished. Highest total abundances of algae were found between October and December at Stn C (Fig. 5) . From the 16 measurements of total algal abundance made over the study period, there were no clear seasonal peaks at Stn D (Fig. 5) .
The fucoid Carpophyllum maschalocarpum was the most abundant species of algae observed at Stn A (Fig. 6a) . The seasonal pattern of C. maschalocarpum abundance closely resembled that of total algae. Whenever drift algae were found in large quantities, this species was present. The occurrence of Sargassum sinclairii was strongly seasonal (Fig. 6b) . This species was sometimes observed as drift in September and as late as March, but was most abundant between November and January. Carpophyllum plumosum was (Fig. 6c) . Other species that were taken in significant quantities included Carpophyllum flexuosum (Fig. Gd) , Cystophora spp., and Carpophyllum angustifolium. No regular seasonal patterns were observed for these species. They were periodically found as drift, especially after large storms, e.g. June 1982. Miscellaneous types of algae that were observed in small quantities included Hormosira banksii, Codium spp., Lethsia spp., Ecklonia radiata, Durvillea antarctica and red algae. Other types of flotsam that were sometimes seen included Spinifex heads, sponges, mangrove seeds, leaves, branches (< l m long), and dead animals.
Carpoph yllum maschalocarpum, C. flexosum, Sargassum sinclairi, and C. plumosum ranked as the most important species of drift algae at Stns B, C and D. Almost all drift S. sinclairi was observed between October and January. Rare sightings were also made of flotsam other than algae (as for Stn A).
The size-frequency distributions of drift algae clump sizes are given for the 4 main species of algae at Stns A and B in Fig. 7 . These data were from sampling dates over spring and summer 1982-83, when all of the main species of drift algae were present. The highest percentage of algal clumps were in the 0 to 50 g size class, at Stns A and B. Most clumps were fragments, not whole plants. In general, clumps of Carpophyllum maschalocarpum and C. flexuosum were from a greater range of size classes than C. plumosum and Sargassum sinclairii and the largest plants were rarely over 3 kg in weight. At times, however, a number of large clumps would become intertwined. Bunches estimated to weigh from 5 to 100 kg were sometimes seen (pers. obs.).
Spatial patterns of drift algae abundance nearshore
The abundance of drift algae at nearshore sampling Stn A varied among times and localities (Table 3) . Although the grand means showed there were differences among localities, no single locality consistently had more drift algae than any other at all of the times examined. Algae were abundant nearshore at some time periods, but almost absent at others. These trends were confirmed by ANOVAs on the data, for the number of clumps and total weight of algae (Table 4 ) . Residual variances in the ANOVAs, and the large standard errors in Table 3 , indicated that algae were patchily distributed within a locality.
Colonisation of experimental algae (Expts 1 and 2)
Fishes were quickly attracted to soaked algae that were left to drift (Fig. 8) 
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Different total densities and species of fish colonised soaked algae at 15 m, when compared to experimental algae in surface waters (Expt 1). A total mean density of 51 t 7.1 fish kg-' algae was found at 15 m, while 16.6 f 6.6 were caught in surface waters after 6.5 to 8 h of drift (Fig. 8) . All of the fish observed at 15 m were Trachurus spp., while in surface waters (n = 50 fish), 66 % were Girella tricuspidata, 18 % Parika scaber, 8 % Plagiogeneion rubiginosus, 4 O h Gilloblennius spp, and 6 O/O miscellaneous species. This suggests that small fish of fish increased gradually to ca 20 fish kg-' algae, but in the following year (1982-83) few fish were found around algae after 4 h of drift, and after 6 to 7 h there were 50 fish kg-' algae. Greater numbers of fish were taken around experimental algae than in control seines of open water (Table 5 ). With the exception of Girella tricuspidata, maximum numbers of fish captured around experimental algae were 5 to 67 times less than those found around naturally drifting algae.
Parika scaber were quickly attracted to soaked algae (Fig. 8b) . The variability in P. scaber numbers among replicate clumps of algae was generally small, suggesting that fish approached algae as individuals or in small groups.
In contrast to Parika scaber, when Gilloblennius spp. and Girella tricuspidata were present considerable variability was found among replicate clumps of algae, suggesting they colonise algae in large aggregations (n = 10 medusae) were observed, and fish that were caught in a diver-controlled plankton net ranged in size from 8 to 23 mm (mean = 13 mm, n = 223 fish). Small morid cod were also observed with medusae, and on one occasion inside a large salp.
DISCUSSION
that associated with algae were: monacanthids (Parika scaber), arripids (Arripis trutta), emmelichthyids (Plagiogeneion rubiginosus), carangids (e.g. Trachurus spp.) mugilids (Aldrichetta forsteri), mullids (Upeneichthys lineatus), kyphosids (e.g. Girella tricuspidata), clinids (Cristiceps auranticus), some tripterygiids (Gilloblennius spp.), syngnathids (e.g Stigrnatophora longirostris), and some rare groups (Table 1) Table 3 . Abundances of algae at 7 localities separated by 400 to 100 m within Stn A (see Fig. 1 ). Total weight of algae and number of clumps of algae found at each locality examined at 8 times between 10 October 1983 and 11 April 1984. Localities: (1) Knot Rock, (2) Echinoderm Reef, (3) D Reef, (4) Splendid Reef, (5) Deep Point, (6) Waterfall Reef, (7) Table Top Reef. Densities are expressed as means + SE, n = 3 transects ANOVAs for these data are given in Table 4 Locality , 1968 , Mitchell & Hunter 1970 , Dooley 1972 , Eldredge et al. 1978 , Lenanton et al. 1982 , Robertson & Lenanton 1984 , Safran & Omori 1990 . A number of species of fish were abundant in open water that were not found around algae. These included some tripterygiids (Forsterygion spp.), clupeids (Sardinops neopilchardus), engraulids (Engraulis australis), pleuronectids (e.g. Rhombosolea spp.), bothids (Lophonectes gallus) and some other rare groups (Table 1) .
Seasonal changes in the abundance of fish around flotsam and drift algae have been found in other investigations (Hunter & Mitchell 1967 , Mitchell & Hunter 1970 , Dooley 1972 . In this study large seasonal changes were found in the occurrence and proportional representation of small fish around drift algae. Gilloblennius spp., Parika scaber, and Aldrichetta forsteri were most abundant in spring and summer. In late summer and early autumn Plagiogeneion rubiginosus and Trachurus spp. were found in highest densities, while Arripis trutta were most abundant around algae late in autumn and early in winter.
With the exception of large numbers of preflexion Gilloblennius spp., most of the fish captured with drift algae had adult fin-ray counts. A wide range of sizes was sampled for each species around natural drift. Species captured in the colonisation experiments also exhibited a wide size range. This suggested that fish do not just colonise algae as small unpigmented fish, Table 4 . Results of ANOVA for total weight of algae and number of clumbs found at 7 local~t~es w~thin Stn A (see Fig. 1 ). Densities were examined at 8 times. The data for these analyses are in Table 3 . Time was treated as a random factor and locality as a fixed factor in both tests df: degrees of freedom for F-test; C: Cochran's test for homogeneity of the data (56 variances. 2 df) on transformed data; NF: not significant Table 5a which then remain associated with a single clump of algae after changing into the form of a settled fish. Fish may move around rather than remaining with the first piece of algae they encounter. In addition to small fish in the planktonic phase of their life history, large syngnathids were captured in all seasons. This supports Kingsford & Choat's (1985) conclusion that drift algae may provide a dispersal mechanism for this secretive group. The interesting points that emerged from this study of fish around drift algae were: (1) A number of species were seined around algae that were rarely caught in open water with conventional ichthyoplankton nets (e.g. Parika scaber, Plagiogeneion rubiginosus, Cristiceps auranticus). (2) Fish quickly colonised experimental algae that were left to drift. (3) Not all of the fish associated with algae were most abundant in surface (198142 and 1982-83) waters (e.g. Trachurus spp.). (4) Many of the small fish found in surface waters were juveniles. A number of species were captured in large numbers in my study that have rarely been caught in conventional ichthyoplankton investigations. This suggests one or a combination of the following, given that sampling was carried out during the reproductive period of target species.
( 1 ) Inappropriate sampling gear and designs have been used to sample for some species of fishes that live in surface waters. For example, oblique hauls sample neustonic and surface water for a very short time and may undersample the fish in them (Kingsford 1988) . For this reason, fish that are relatively common in surface waters (e.g. Aldrichetta forsteri, Parika scaber) are rarely taken in ichthyoplankton surveys which use oblique hauls (see Crossland 1981 Crossland , 1982 . Moreover, few studies have stratified sampling accord- ing to the presence and absence of drift objects. (2) The type of net used to sample surface waters and the speed at which it is towed (Murphy & Clutter 1972) will determine the size and type of fish caught. (3) Some fish may be found in such low natural densities that estimates of their abundance are not possible with towed nets (see Leis 1981) . In this latter case aggregation devices such as natural or artificial drifting objects and light traps (Doherty 1987) may be the only way of revealing the presence of widely dispersed small fish, by concentrating them. It is clear that the methodology used to sample surface waters will have a large influence on resultant patterns. To obtain an overview of the early life history of many fish, a number of methodologies are required. Some fish are more characteristic of middle or lower depth strata in the water column. For example, Trachurus spp. were found around drift algae, but were more abundant around weighted algae at 10 to 15 m. Trachurus spp. are usually taken in greatest numbers in mid-to lower strata of the water column during the day (Kingsford 1986) . Further evidence for this comes from large numbers of this species that were observed around scyphomedusae. The association of Trachurus spp. and cod with jellyfish has been documented in other parts of the world (Dahl 1961 , Mansueti 1963 , Hay et al. 1990 ).
Many fish that are found as adults in coastal environments were captured around drift algae and in open water; these included Giiioblennius spp., Forsterygion spp., Parablennius laticiavius, Aldrichetta forsteri, Hyporhamphus ihl, Girella tricuspidata, and Upeneichthys lineatus. Other investigations (Ingsford & Choat 1986 , Kingsford & Tricklebank 1991 have found these small fish in surface waters as preflexion larvae and fish with full adult fin-ray counts; this suggests they spend most of their early life history near the surface. Other species (e.g. Parika scaber) were almost always found in surface waters with adult fin-ray counts. Many of the aforementioned fishes were in the form of settled juveniles (but were still presettlement fish), and wide size ranges of each species were captured. This would suggest that many fish spend a considerable amount of time in the pelagic environment in the form of settled juveniles rather than larvae. The distribution patterns of presettlement fish in surface waters, and the chances they have of being transported onshore, will be influenced by their behaviour and the physical processes that affect surface waters (Kingsford 1990 ).
Factors influencing the association of fish with drift algae Fish were quickly attracted to soaked bunches of algae that were left to drift in the colonisation experiments. Since all of the epiphytic invertebrates had been cleared from this algae, the physical structure of algae in the pelagic environment influenced the distribution of fish. The importance of shade attracting fish to floating objects has been thoroughly investigated for freshwater fish (see Helfman 1981) . Helfman (1981) suggested that shade is important for increased perception and camouflage from fish, aerial, and terrestrial predators. In marine environments Darnant (1921) suggested that fish have a perceptive advantage under floating objects, in that zooplanktonic food is more easily seen from shade than in direct sunlight. Many other workers have suggested that objects enhance conditions for feeding, provide shelter, provide pelagic substratum, and may act as cleaning stations for large fishes (Kojima 1956 , Gooding & Magnuson 1967 , Hunter & Mitchell 1967 , 1968 , Mitchell & Hunter 1970 , Dooley 1972 . Kingsford & Milicich (1987) found that small Parika scaber feed on epiphytic invertebrates associated with drift algae (e.g. crab rnegalopa) as well as zooplankton in surrounding waters. Dooley (1972) and Tully & O'Ceidigh (1989) found that small fish feed on the fauna associated with drift algae, and Yeatman (1962) showed that 25 mm long flying fish fed on harpacticoid copepods found on drift algae. It is possible, therefore, that some fish are attracted to algae for shelter and the food that is associated with it. This has been suggested for small Cnidoglanis ~nacrocephalus (Plotisidae) associated with detached macrophytes in the surf zone of sandy beaches (Lenanton & Caputi 1989) . A flaw in the colonisation experiments with soaked algae in my study was that colonisation rates may have been higher if epiphytic invertebrates had been present. Fish (e.g. P. scaber) may have approached experimental algae, found few megalopa, then moved off to look a t other clumps. An appropriate additional treatment would have been to use algae from which crustaceans had not been removed.
The association of fish with drift algae may increase their chances of survival in 2 ways, by concentrating planktonic food that was previously dispersed, and by providing shelter from predators (Kmgsford & Milicich 1987) . Predaceous fish were abundant in the study area (e.g. adult Trachurus spp., Sardinops neopilchardus, Engra ulis a ustralis, Arripis tru tta, Seriola grandis; Clement 1978) , and all of these consume planktonic fishes. The gut contents of 24 A. trutta and 4 S. grandis caught on lures during the study contained fish ranging in size from 14 to 200 mm, some of which were small tripterygiids and Aldrichetta forsteri. Thus, small fish may decrease the chance of predation by associating with drift algae when it is encountered.
Distribution of drift algae
Although drift algae were found at all times of the year, especially after storms, there was considerable variation in the abundances at different times of the year. Some species of algae, however, were extremely predictable in their seasonal occurrence. Regardless of the station sampled, Sargassurn sinclairii were only found during the spring-summer period, with peak abundances from November to January (see Kingsford in press ). This seasonality conforms well with Schiel's (1985) data on attached S. sinclairii near Goat Island. S. sinclairii shed most of the thallus during the later stages of reproduction, over spring. Furthermore, the survivorship of attached algae drops over this period. The abundances of other drift algal species either strongly resembled the pattern for total drift algae (e.g. Carpophyllum maschalocarpum) or showed no strong seasonal patterns (e.g. C. flexuosum). Gilloblennius spp. and Parika scaber were the most abundant fish associated with drift algae when total abundances and S. sinclairii abundances peaked. It is probable, therefore, that drift algae are likely to influence the distribution and survivorship of these fish species more than any others.
The dispersal of drifting algae is interesting in terms of the population dynamics of the algae and the dispersal of organisms other than fish. Dispersal of spores from attached adult plants within an area of reef is often restricted to a few metres, except during storms (Reed et al. 1988) . Drift algae may disperse spores over much greater spatial scales, among reefs. Although most invertebrates quickly vacate plants when they are experimentally detached from reefs (Kingsford & Choat 1985) , casual observations show that large isopods and amphipods are occasionally found on drift algae. Some invertebrates may disperse over long distances with drift, a s suggested by Highsmith (1985) and Locke & Corey (1989) .
Even when there were seasonal peaks in the abundance of drift algae, there were rapid changes within any given period. This was true at both nearshore and offshore stations. It was clear that algae were moving into and out of areas between sampling dates. Thls was also apparent in the distribution patterns of drift algae with distance from shore (Kingsford & Choat 1986) . At times algae were most abundant offshore, whereas at other times algae were found at all stations, or mainly nearshore. This suggested 3 main points: (1) By moving into an area drift algae may quickly change the distributions of some fish types, especially those that are well dispersed in open water. (2) If fish stay with drift algae for some time, the movements of the algae will determine those of the fish. (3) Where algae often drift toward shore, this may result in increased recruitment rates of fish found nearshore as adults.
The investigation of algal abundances at nearshore localities indicated that density of drift algae varies temporally. When storm events had not recently detached algae from rocky reefs, an accumulation of algae nearshore suggested it was the result of onshore transport. The physical mechanisms that may cause aggregation and movements of drift algae include wind and internal waves (Shanks 1983 , Kingsford & Choat 1986 , l n g s f o r d 1990). When algae are transported onshore, the recruitment of fish to nearshore localities may vary depending on where algae first reach shore. Average quantities of drift algae found over the spring-summer period varied among localities nearshore. The results indicated, however, that the accumulation of algae was not predictable at any one locality. Thus, the ranking of localities varied considerably over short time periods. This suggested that patchiness in the pelagic environment (i.e. fish around algae) may cause small-scale variability in temporal patterns of recruitment among localities during conditions of onshore transport. Throughout a recruitment period, however, some localities may receive more fish from drift algae than others, and this may generate localscale variation in recruitment patterns (e.g. Jones 1984) .
This study has shown that fish associate with drift algae at all times of the year. Furthermore, fish quickly colonise algae introduced to the pelagic environment. Since drift algae were predictably abundant over spring and summer, these are the times that algae may have its greatest influence on the distribution of fish. Sampling drift objects can provide a source of small fish, in good condition, that are difficult to obtain using conventional towed nets in open water. The physical conditions that move algae around in surface waters may provide some insight into factors influencing the recruitment of fish that live as adults nearshore. Finally, to obtain a n overview of the early life history of fish a number of methodologies are required.
